Abstract. During water flooding of the TB block of Xingnan oilfield, some problems which influence development effect exist usually, for example, the rapidly-increasing pressure in injecting wells and the rapidly-decreasing pressure in producing wells. In this paper, the petroleum sulfonate was selected as the main chemical agent, assisted by various additives. By IFT measurement of oil and surfactant solution and core simulation displacement experiment, the chemical agent formula used for decreasing injection pressure and increasing injection rate was developed, and the injection parameters were optimized. The results show that the IFT between the TB block oil and formula system is 6.29×10
Introduction
The TB block of Xingnan Oilfield is a typical extra low-permeability and strong sensitivity reservoir, it has many characters, such as low porosity, low permeability, severe heterogeneity. These characters causing problems, for example, the rapidly-increasing pressure in injecting wells and the rapidly-decreasing pressure in production wells. It is necessary to study a new method used for decreasing injection pressure and increasing injection rate in TB block. Research indicates that, by using surfactant solution, the capillary pressure of water flooding and the IFT between oil and water can be reduced, oil mobility can be improved, injecting pressure can be reduced [1] . Based on the geologic characteristic of TB block, a new formula of surfactant for decreasing injection pressure and increasing injection rate was developed. By core displacement experiment and the measurement of the IFT between oil and water, the chemical agent formula used for decreasing injection pressure and increasing injection rate was carried out, and the ratio of decreasing pressure was evaluated, and the best parameters combination which fits the TB block was obtained finally.
Basic Properties of Reservoir in TB Block
In the TB block of Xingnan Oilfield, the viscosity of the ground crude oil is 4.8mPa·s, reservoir lithology is mainly silty sand, the average air permeability is 7.37×10 -3 μm 2 , the effective average porosity is 15.1%. The TB block is a low porosity and low permeability reservoir.
Development of Surfactant Formula System for Decreasing Injection Pressure and Increasing Injection Rate
Surfactant is a kind of chemical agent which can enhance oil recovery greatly and has been used widely chemical flooding. However, results from production performance of field chemical flooding wells and laboratory core physical simulation experiments show that surfactant can not only improve oil recovery greatly, but can increase fluid filtration rate in reservoir and decrease injection pressure also, and thus can reduce the water injection difficulty under high pressure for lower permeable reservoirs and save production cost [2] . Surfactant flooding can decrease the injection pressure of low permeability cores, increase the effective permeability of both oil and water phase, and improve the EOR efficiency. There is a best parameter combination in surfactant flooding [3] . By reducing the IFT between oil and water with surfactants, injection pressure may decrease and injection rate may increase. With the increasing of the permeability, the ratio of decreasing injecting pressure will be increasing [4] . In the process of decreasing injection pressure and increasing injection rate by chemical method, the petroleum sulfonate is common surfactant widely used in most fields. Therefore, according to the IFT between oil and surfactant solution, the surfactants were chosen. Mixing the selected surfactants with additives, finally, the surfactant formula system was obtained. The 0.5% solution compounded with various surfactant was made up，then, the interfacial tension between surfactant system solution and oil were measured in the 50℃ by interfacial tensiometer (TX-500D).
Main Agent and Adjuvant
Preparing the 0.5% solutions of 3 kinds of anion, nonionic and special surfactant respectively. The IFT between the TB block oil and 9 kinds of surfactant solution was measured, and the result is shown in Table 1 . Table 1 shows the IFT difference among measurement results is tremendous. Only FS1120X (special-fluorocarbon polyether) is in the magnitude of 10 -2 mN/m. According to the actual situation in oilfield, CW-1(the anion-mahogany sulfonate) is selected as main agent. Concerning the IFT of CW-1 is not low enough, hence, CW-1 must be compounded with other surfactants by certain proportion. Only the IFT of the compound of CW-1 and ZWB attains the magnitude of 10 -2 mN/m (9.73×10 -2 mN/m). Therefore, ZWB (anion-heavy alkylbenzene sulfonate) is selected as adjuvant.
Additives
Alcohol and ether compounds can decrease IFT. 9 kinds of additives were selected to add into the mix solution of CW-1 (1.5%) and ZWB(0.8%). The effect of decreasing IFT is best after adding ZDC-2. The IFT is 8.17×10 -2 mN/m, but does not attain the magnitude of 10 -3 mN/m.
Surfactant System Formula
In order to decrease IFT further, the concentration of main agent, adjuvant and additive were optimized. The result is shown in Table 2 . Table 2 shows that three formulas attain the magnitude of 10 -3 mN/m. Concerning the effect of decreasing pressure and cost synthetically, the best formula is obtained:
1.5%CW-1+0.8%ZWB+0.1%ZDC-2+0.3%NaCl (IFT is 6.29×10 -3 
mN/m). Core Simulation Displacement Experiments
In displacing oil experiments, the surfactants which have different concentration and dosage were injected into cores. The best concentration and volume was attained. Parameters of natural core are shown in Table 3 . 
The Influence of Surfactant Concentration on Injecting Pressure
Concerning surfactant can be adsorbed by natural core, the formula must be optimized by core displacement experiment. The natural cores (From TB-1 to TB-4) were saturated with simulation formation water and then saturated with oil. At the constant rate of 0.5 ml/min, the process of injecting water was simulated. When injecting water pressure reached the maximum value, surfactant solutions with 4 kinds of concentration (refer with Table 4 ) were injected 1PV into these cores respectively, then water was injected too. The change of injecting pressure is shown in Figure  1 . Table 4 . Composition of formula. From Figure1, we can see that, when the concentration of surfactant solution is 0.3%, 0.5%, 0.8% and 1.0%, the ratio of decreasing pressure is 15.21%, 18.71%, 18.95% and 24.10% respectively.
Concentration of formula (%)
From Figure2, we can see that, with the injected system concentration increasing, the ratio of decreasing pressure will increase. When the injected system concentration exceed 0.5%, with the injecting surfactant concentration increasing, the ratio of decreasing pressure will change slightly. Therefore, the best concentration is 0.5%, its ratio of decreasing pressure is 18.71%. 
The Influence of Slug Volume of Surfactant Solution on Injecting Pressure
The natural cores (From TB-5 to TB-7) were saturated with simulation formation water and then saturated with the oil of TB block. Under the constant injection rate of 0.5 ml/min, injecting water process was simulated. When injecting water pressure reached the maximum value, 0.3PV, 0.5PV and 1.0PV of system surfactant solutions (concentration:0.5%) were injected into these cores respectively, then water was injected too. The change of injecting pressure is shown in Figure 3 . Figure 3 shows that, when injecting system surfactant solution of 0.3PV, 0.5PVand 1.0PV, the ratio of decreasing pressure is 12.40%, 15.70% and 18.20% respectively. Figure 4 shows that, as the volume of system surfactant solution increasing, the ratio of decreasing pressure will increase. When the injected volume exceed 0.5PV, the ratio of decreasing pressure will change slightly. Concerning the economic cost, therefore, the best volume is 0.5PV, the ratio of decreasing injecting pressure is 25.70% correspondingly.
Conclusions
(1) According to the reservoir characteristics of TB block in Xingnan oilfield, the surfactant system formula for decreasing injection pressure and increasing injection rate is obtained: 1.5%CW-1+0.8%ZWB+0.1%ZDC-2+0.3%NaCl, the IFT of formula and the TB block oil is 6.92×10 -3 mN/m. (2) The best parameters combination: the injecting concentration of surfactant system is 0.5%, the injecting dosage of surfactant is 0.5PV, the ratio of decreasing injecting pressure is 25.70% correspondingly.
